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Dibawah kondisi temperature normal, sel telur telah terjasi pembelahan pada 1 DAA (day after 
anthesis) sehingga lebih dari dua embrio terdapat didalam embryo sac. Sel embrio ini dikelilingi oleh 
coenocytic endosperm dengan sederet sel nuclear diobservasi pad adaerah micropil. Sejumlah butiran 
pati menjadi lebih daripada 10 cel yang panjangnya mencapai 200 µm. Pada tahap perkembangan ini, 
embrio dapat dibedakan sebagai suspwnsor dan embryo proper. Embrio diobservasi berbentuk bulat 
pada 3 samapai 4 DAA. Dalam kondisi temperatur tinggi tidak didapatkan perubahan struktural yang 
khusus samapai 1 DAA. Volume ovul berkurang dibandingkan dengan control pada 2 DAA. Selain dari 
pada itu, sel telur yang takterbuahi dengan integument yang abnormal diobservasi pada 2 dan 3 DAA. 
Embrio yang kurang berkembang diobservasi baik pada cv. Haibushi maupun cv. Wonder fibawah kondisi 
temperature tinggi. 




Abortion and abscission of floral buds 
and fruits under unfavorable temperature 
occur in many species including the green 
bean (Phaseolus vulgaris) (Sage & Webster 
1978). Green bean is a heat-sensitive crop 
and pod yield is decreased at high 
temperatures (Nakano et al. 1997, Suzuki et 
al. 2001). High temperatures during 
reproductive stage result in a reduction in 
pod and seed set in green bean due to 
enhanced abcission of flower buds, flowers 
and pods (Moterosso & Wien 1990). 
Degeneration of the embryo sac due to lack 
of ferlitization si one of the main reason for 
flower abscissiom (Ormrod et al 1967). It is 
thought that the incidence of abnormal pod 
is associated with the fail of ferlitization 
and embryo abortion. However, the 
process of abnormal pod development was 
not clear in detail, especially under high 
temperature conditions. 
It is also reported that fruit abortion is 
initiated while embryos are in early 
developmental stages, prior to cotyledon 
initiation (Sabhadrabandhu et al 1978). It is 
thought that amount of abnormal fruit will 
increase under high temperature although 
in high temperature resistant of snap bean. 
The incidence of abnormal fruits has close 
relationship with rhe embryo growth under 
high temperature. Histo-cytological studies 
on the embryo growth could elucidate the 
mechanism of pod abortion and pod 
abnormalities under high temperature. 
In the present paper, I explain effect of 
high temperature on histo-cytological 
changes of embryo abortion in high 
temperature resistant and sensitive 
cultivars of snap bean. This information 
should be useful in assessing factora induce 
Jurnal Agrista Vol. 7 No. 3, 2003 274 
 
abortion in resistant and sensitive cultivars 
of snap bean. 
 
MATERIALS AND METHODS 
 
1. Plant materials 
Two cultivars of snap bean (Phaseolus 
vulgaris) ‘Kentucky’ Wonder (heat-
sensitive) ‘Haibushi’ (heat tolerant), were 
grown in 10-L pots containing soil in 
greenhouse from june to july 2002 with 12 
h days/ 12 h night of 27/23 °c ±1.5 °c. A 
natural photoperiode was peovided and 
range from 13-14 h. Twenty fours pots 
were amended with 10 g of calcium 
carbonat and 10 g of a 15N-12.5P-6.5K slow 
realease fertilizer (CDUs555;Chisso Co.m 
Tokyo, Japan). Plants were irrigated daily. 
After some flower opened, all flowers were 
removed until 3 d before the onset og high 
temperature treatment. 
 
2. Temperature treatment and lebeling 
The treatment for control was 
conducted by keeping twelve pots under 
control temperature. Whereas the 
remaining twelve pt of plants were exposed 
to high temperature of 31/27 °C ± 1.5 °C for 
24 h in a green house. Marketing the day of 
anthesis was conducted at the third day 
until the eleventh day of heat temperature 
treatment to identify 0-8 days after 
anthesis (DAA). 
 
3. Sampel preparation for light microscopic 
studies 
The pods from the day of anthesis until 
8 DAA were fixed in 1 % paraformaldehyde 
and 3% glutaraldehyde in 0.1 M phosphate 
buffer (pH 7.2). Fixation were conducted at 
4°C for 5 hours. After that, samples were 
washed with buffer solution. Post fixed was 
subsequently conducted in 1 % osmium 
textroxide at 4 °C for 2 hours. Samples were 
dehydrated in graded series of ethyl-
alcohol and replaced with propylene oxide, 
then embedded in epoxy resin. Then, 2 µm 
of sections were made with glass knives on 
a microtome. After the removing of resin 
using alcohol solution of saturated 
potassium hydroxide, the sections were 
stained with periodic acid Schiff’s (PAS) 
reaction and observed under a light 
microscope.  
 
RESULT AND DISCUSSION 
 
1. Pod and embryo development under 
normal conditiom 
Longitudinal section of snap bean pod at 
the day of anthesis in cv. K. Wonder and 
Haibushi is shown in Fgs. 2 and 6 
respectively. The egg cell (ec) has elready 
divided so that two embryo cells were 
observed in the ovule of cv. Haibushi and K. 
Wonder. Thes embryo cells were 
surrounded by coenocytic endosperm. 
Single row of nuclear cells (nc) was 
observed around embryo sac. Whereas 
cross section at the day of anthesis in cv. K. 
Wonder and Haibushi is shown in Figs, 2 
and 7 respectively. The pictures show that 
the thickness of inner parenchyma was 
about 40 µm, and the thickness of seed 
integument was about 100 µm. 
At 1 DAA, seven cell and three cells 
embryo have already differentiated in cv. K. 
Wonder and Haibushi. Additionally, small 
starch granules were observed in the 
funuculus area. Whereas, at 2 DAA embryo 
has more than ten cells with their length 
reached about 200 µm both in cv. K. 
Wonder and Haibushi. In this stage of 
development the embryo cell can be 
distinguidhed as susoensor (s) and embryo 
proper (ep). The embryos were appeared  
at early globular stage. Moreover, nucellus 
was observed clearly around embryo sac 
(Fig 3 and 8). Under normal temperature, 
embryo could be distinguished as 
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suspensor and embryo proper at 2. DAA. 
Under high temperature, however, 
undistinguishable structure of embryo was 
observed at this stage of development. It is 
thought that, improper ropagation of 
suspensor affected embryo growth in its 
early development. Yeung and Meinke 
(1993) and Schwartz et al. (1997) reported 
that, suspensor server as a conduit for 
nutrient and growth regulators supporting 
embryo proper development, and 
degenerates by the end of embryogenesis. 
At 3 DAA, the embryos were observed in 
globular stages both in cv. K. Wonder and 
Haibushi. The nucellar cells surrounding the 
embryo were thinner than that of 1 and 2 
DAA. Outer parenchyma enclosed a 
network of small vascular bundles near 
sclerenchyma. These small vascular budles 
began to defferntianting at this stage of 
development. Amount of inner parenchyma 
cell and its size increased markedly at the 
early pod development stage. The thickness 
of inner parenchyma was about 100 µm 
(Figs 4 and 9). 
Longitudinal section of seed in cv. K. 
Wonder and Haibushi at 4 DAA is shown in 
Figs. 5 and 10 respectively. The leghths ogf 
these embryos were more than 400 and 
500 µm respectively. At this stage embryo 
was observed in the late globular stage. 
Whereas suspensor cell can be 
distinguished as basal region. At 4 DAA, the 
embryos were observed in late globular 
stage both in cv. K. Wonder and Haibushi. 
 
2. Pod and embryo development under 
high temperature condition 
Longitudinal section of the seed at the 
day of anthesis under high temperature 
condition in cv.K. Wonder and Haibushi is 
shown in FGs. 11 and 17 respectively. The 
picture show that, there were no special 
structural changes were observed compare 
to the seed under control temperature as 
shown in Figs 1 and 6. 
Small starch granules were observed in 
funiclus and in integument under high 
temperature at 1 DAA in cv.K Wonder. 
Additionally, unfertilized egg cell was also 
appeared at this stage of development (Figs 
12). Unfertilized egg cells, abnormal ovules 
and less developed embryos werenrarely 
observed in cv. Haibushi at 2 DAA. Highly 
convoluted integuments cell and abnormal 
embryo were observed in cross section of 
pod of cv. K. Wonder. The embryo was 
diffivult to distinguish between suspensor 
and embryo proper (Fig. 13). Moreover, 
unfertilizer egg cell within embryo sc and 
less developed embryo was also observed 
at this stage of development (Fig. 14). Less 
developed embryo and unfertilized egg cell 
were also observed in cv. Haibushi at 2 DAA 
(Fig 8).  
In cv. K. Wonder, unfertilizer egg cell 
was also observed at 3 DAA under high 
temperature. Abnormal embryo woth 
convoluted integument cells were also 
observed at this stage of development (Fig. 
15). Various pattern of embryo abortions 
and embryo abnormalities were observed 
both in high temperature sensitive and high 
temperature tolerant of snap bean. 
Unfertilizer egg cell and less development 
embryo were observed within a pod under 
high temperature condition both in cv. K. 
Wonder and Haibushi. It is thought that the 
incidence of unfertilized egg cell and less 
developed embryo has close relationship 
with the nutrient transport through 
funiculus, integument and nucellar cells. 
Jenner et al (1991) reported that, the seed 
integument through assimilate supply 
which can affect the cell division phase in 
wheat endosperm by nutritional effects on 
mitotic activity. Moreover Davis (1977) 
reported that, embryo development maybe 
directly influenced by the seed integument 
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that can at least partially explain the 
influence of maternal tissue on seed size 
that correlated with cell number. The 
observation also shows that, degeneration 
of nucellar tissue was coincident with 
embryo and embryo sac growth. Studies by 
Evenary (1984) and Raghavan(1986) 
indicate that, integumentary, nucellar and 
endosperm, tissues are associated with 
nutrition of the embryo at early 
developmental stage. Assimilates store in 
the integumentary and nucellar tissue may 
be transported to the embryo during 
development. It is also thought that, 
embryo abortion may result from 
competition for assimilates among 
funiculus, integument and nucellar tissue. 
The thickness of inner parenchyma pod 
at 3  DAA was almost similr to the control 
(Fig. 16). In cv. Haobushi, under high 
temperature condition the leght of embry 
was only about 300 µm at 3 control (Fig. 
13). Less developed ovule and 
underfertilized egg cell also observed 
(Fig.20). Moreover, partially degenerated 
nucellar cell also observed around embryo, 
whereas the thickness of inner parenchyma 
pod was almost similar to the control (Fig. 
21) according to present study shows that, 
1-3 DAA is sensitive stage in 
embryogenesis. Heat temperature during 
this stage enhaced embryo abortion and 
embryo abnormalities. Similar result was 
reported by Sage and Webster (1987) 
according to growth analyses. They 
reported that the fruit abortion is initiated 
while embryos are in early stage, prior to 
cotyledon initiation. It is thought that, the 
increasing of unfertilized embryo under 
high temperature both in sensitive and 
resistant cultivars of snap bean associated 
with anther dehiscence and pollen viability. 
Study by Porch & Jahn (2001) confirmed 
that heat stress during sporogenenis result 
in anther indehiscence and significant 
reduction of pollen viability in sensitive 
genotype. Additionally, Gross and Kigel 
(1994) noted that, low amounts of pollen 
on stigma could also be due to anther 
indehiscence. 
Moephologically normal embryo in cv. K. 
Haibushi at 4 DAA is shown in Fig. 22. The 
leghtd of thes embryos were smaller 
compare to control although its 
morphological appearance was noemal 
(Compare to Fig 10). 
 
Abbreviations on figures 
e: embryo, ec: egg cell, ep: embryo proper, 
f: funiculus i: integument, ip: inner 
parenchyma, op: outer parenchyma, nc: 
nucellar cell, s: suspensor. 
 
Explanation of figure (bar: 100 µm) 
 
Figs. 1-5 unde control temperature of cv. 
K. Wonder Fig 1. The embryo at the day of 
anthesis.Fig 2. Cross section of pod at the 
day of anthesis. Fig 3. Longitudinal section 
of seed at 2 DAA. Fig.4. Cross section of pod 
at 3 DAA. Fig. 5. Longitudinal section of 
seed at 4 DAA. Fig. 6-10 under control 
temperature of cv. Haibushi. Fig. 6. The 
embryo at the day of anthesis. Fig. 7. Cross 
section of pod at the day of anthesis. Fig 8. 
Longitudinal section of pod at 2 DAA. Fig 9. 
Cross section of pod 3 DAA. Fig 10. 
Longitudinal section of seed at 4 DAA. Figs 
11-16. Under high temperature of cv. K. 
Wonder. Fig. 11. The embryo at the day of 
anthesis. Fig 12. Longitudinal section of 
unfertilized egg cell 1 DAA. Fig 13. Cross 
section of abnormal embryo at 2 DAA. Fig 
14. Cross section of less developed embryo 
at 2 DAA. Fig 15. Less developed embryo 
with convoluted integument cell at 3 DAA. 
Fig 16. Cross section of pod at 3 DAA. Fig 
17-22. Under high temperature of cv. 
Haibushi. Fig 17. The embryo at the day of 
anthesis. Fig 18. Cross section of elss 
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developed embryo at 2 DAA. Fig 19. 
Longitudinal section of less developed 
embryo at 3 DA. Fig. 20. Unfertilized of egg 
cell at 3 DAA. Fig 21. Cross section of pod at 
3 DAA. Fig. 22. Longitudinal section of less 
developed embryo at 4 DAA. 
 


















Abortion and abnormalities of embryos 
were associated with shirk of ovules inder 
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